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whoa Hydrogen was taken up by body- centered cubic 








Vanadium metal, an anisotropic expansion to a body-centered 








tetragonal lattice has been reported. (1) 






(l) Arnulf J. Poland -J. Hiy®. ^hem. 8& # 3197 ,(1964) 




It is difficult to account for the observed expansion 








if hydrogen ocnupies only tetrahedral interstices and 








there is no convincing evidence that octahedral inter- 








stices are involved* (3) 






($> T.R**.<*ibb Jr. "Advances in OnMttrv" J& 99, (1963). 


The problem could be resolved by neutron-diffraction 




but experimental observations by Hardeastlc,(3) 






(3) K. Hardoastle, unpublished results 




and a study of the possibly comparable TaH 3 by Wallace (4) 








(4) S.fi.tallace - J.Ohea.Fhys. 3^ 6, 3X58-2184 (1961) 






have not let to useful results, partly because of the eoa* 




plexity of the diffraction patterns and partly because of 















the assumption that octahedral sites are not occupied* 

Objectives 

It was desired to investigate the breadths of the 
tetragonally distorted cubic phase X*ray diffraction lines 
of various vanadium hydrides and to compare these with the 
corresponding lines of the pure metal- Then one could as~ 
certain whether certain lines corresponding to certain 
planes in the crystal, were broadened more than others, and 
it was also hoped that from these observations some idea 
of the positions of the hydrogen in the tetragonally dis- 
torted body centered cubic lattice could be obtained* 
Also it was hoped initially that accurate quantitative 
measurements of the line broadening could be carried out* 

A.J, Maeland (1) investigated the change in lattice 
parameters with hydrogen content in non stoichiometric 
hydrides of vanadium via X-ray diffraction using the powder 
method with a Str&imanis. cylindrical camera. His col- 

lection of films from his study were left with Dr. T.JLP, 
GUbb of Tufts University and these films were used in 
my observations. Maeland observed that between stoichio- 

metric *M& Ar ~&n& V-H __a b.c.c. cubic phase and a b.c.t. 
♦05 •«> 

phase exist together and that at room temperature the 

cubic phase disappears at V-H . At higher temperatures 

,46 

the cubic phase appears at stoichiometries up to^v V-H 9 , 
Accordingly, on some films the breadths of body centered 



cubic diffraction planes were measured and compared with 
the breadths of the pure metal, while on some high H content 
films at room temperature b.c.t. planes are compared to cor- 
responding planes in the body centered cubic pure vanadiun 

lattice. 

Experimental Methods 

Initially a photometer available in the laboratory was 
used to record the widths of the lines, but it was found 
that the machine gave variable results for the same line on 
different days and took much time to measure one film. 
Therefore this procedure was abandoned and recourse was 
made to visually measuring the breadths of the seven cubic 
phase lines for many different films. To accomplish this, 
a box with a white glass illuminated field was employed 
with a movable steel support for the film and a rider on 
the support with magnifying glass and measuring device. 

Since it was necessary to measure the line breadths 
visually only an approximate value for the breadths was 
obtained. There can be errors of measurement and with some 
faint lines it is extremely difficult for the eye to judge 
where the line ends and the field begins. However, the 
majority of lines were measured to +, .01 mm. Over the 
average of a large number of films, however, any trends 
should become apparent. 

Sources of Line Broadening 
Line broadening can be caused by either extremely 






email particle size or stress or disorder in the metal. (5) 

t5) w. F. Mott and H.J ones "The Theory of the Properties Of 
etals and Alloys" Clarendon Press, Oxford 1936. 



Since particle siae causes broadening only for particle dia- 
meters below 1000 A* and the particles in the V metal used 
are eoarae according to Maeland* s article (l),line broadening 
in these films should then be due to stress and disorder in 
the metal. Any mechanical stress in the metal should be an- 
nealed out upon heating to fona the hydride, therefore any 
broadening observed in the hydrides diffraction lines must be 
due to stress and disorder caused by hydrogen atoms slightly 
distorting the lattice. A plane in the crystal greatly dis- 
torted by hydrogen atoms should be substantially broadened. 

Ex perimental Resu lts 
The results of the measurements are tabulated in the 
figures. Sach cubic phase line is numbered and the Miller 
indices of the plane it represents are given. It is seen that 
lines 3, 2 and I often were obscured due to scattered radia- 
tion darkening the front reflection region of the films. There- 
fore results from these lines are less reliable. It is seen 
that there is no general trend of increased broadening with 
increasing hydrogen content but that broadening does oemar 
in moat lines with respect to vanadium metal lines. 



Also temperature differences hare little effaet on 
the breadth of the lines. Rough percent age broaden- 
togs of the lines relative to vanadium are given 
on the third data page* 

From these data the most noticeable trend le 
that line 5, the 211 plane, la sub at ant 1 ally more 
broadened than all the others. Lines four and 
one are less broadened than the others but these 
results are less aert&in due to many obseured lines. 
The single most consistent feature of the data 
is the greater broadening of the line cor respond- 
ing to the 211 plane. 
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Conclusions 
The greater broadening of the 211 plane relative to 
the others leads us to speculate about the positions of 
the hydrogen atoms In the lattice. In a body centered 
cubic lattice the hydrogen atoms can occupy either octa- 
hedral or tetrahedral sites. In a b.c.c. unit cell 
there axe 34 tetrahedral and 18 octahedral sites. 
(6) (see diagram one). 



(6) T.R.P. aibb Jr.-tf.Phys.Chem. jgfc, 1096,(1984) 



A great broadening would seem to indicate that 

hydrogens are in certain octahedral or tetrahedral sites. 

Let us now tabulate the octahedral and tetrahedral points 

for the various planes in one unit cell. (See diagrams). 

Plane 
311 

110 
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310 
200 
320 



£o r Octahedral 
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: -etaMn&l {• } and t©txah«dral (*) polata in 
b.o.o. unit cell. (Ilfft »4 poi^a M afco** 
on ©vary f&o*)« 

Oif motion j^ggf *» Va»a&itt» KM *•*•«• 
•brines oet***a •** tetr^edrai intentions. 
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81 th Just the percentage broadening information one 
cannot unequivocally distinguish between octahedral and 
tstrshedral occupation or between f&oe-faoe or edge-edge 
site restrictions in octahedral occupation. The fact that 
so many appreciably broadened diffraction lines are from 
planes intersecting only octahedral points at flret seems 
to indicate octahedral occupancy in the lattice. ;?e oust, 
however, realise that the octahedral and tetrahedral sites 
for hydrogen in the lattice are not were mtheroatteal 
points. Both the interstitial atomic and the hydridle 
model (3) for vaaadluia hydrides treat the hydrogen In the 
lattice aa a small share of electron density. For the in- 
terstitial model the radius of the hydrogen sphere Is .55 A c 
for 4 coordination and .60 A* for 8 coordination. In the 
hydridle model the H"haa a radius of 1.32 **(*oieh increase* 
with coordination number) therefore no matter wnleh nodal is 
used, distortion of planes Intersecting only octahedral 
points does not necessarily indicate octahedral occupation 
?ince a hydrogen in a neighboring tetrahedral site whose 
electron cloud intersected the plane la question could die- 
tort the lattice along the direction of that plane. 
FOberts' S.JI.K. atudy (7) 



(7) Roberts, B. Fhys. Rot. Jgg, 1357 (1955) 



11 



13 



of the V D 9 sy stein indicates that the deuteriums are a^, J2" 
apart* This feet would support octahedral occupation if the 
hydrogen sites were raere geometric points, since no combina- 
tion of octahedral and tetrahedral sites in a b.o.e. lattice 
is separated by that geometry* However with the hydrogen 
possessing a finite atomic radius, this simple argument 
breaks dawiuyuoh considerations make any meaningful eorrela- 
i] tion between the rough average broadening of the diffraction 
lines and octahedral or tetrahedral cse«p&ney ne«» dubious. 
For example, the broadened 311 line could result fro© fiat- 
tort ion of the plane by hydrogen occupying the octahedral 
site la that plane or by hydrogan froa a neighboring tetra- 
hedral site distorting the plane by overlap, since the 
hydrogen has a finite site* 

Kaively, we night expect the greatest percentage lattice- 
deformation and greatest line broadening in the planes with 
the densest packing and smallest area in the unit cell. In 
the planes of greater area mne could predict that the stress 
deformation of the V lattice along the plane would be lesfl 
than for those of smaller area 3inee the stress from the 
hydrogen would tend to fall off at greater distances from 
the hydrogen, such a conclusion would be valid, however, 
snly if the same number of hydrogens were noting to distort 
each plane, and only if interaction with electron clouds 
from neighboring sites were the seise, clearly this cannot 



be ae pureed since some of the larger planes can ac-omraodate 
two hydrogens on opposite faces or edges even ^hen c on side r- 
ing bulky H~ ions. That this effect is not applicable ie 
also seen i&ith the densely packed and small area £11, 310 
and 331 planes all of which intersect only 1 octahedral 
point and no tetrahecixal points. The 311 plane is evidently 
distorted itore than the other two. It seems futile to 
speculate at present a 3 to the cause for this 3ince we 
know neither the configuration of hydrogen in the lattice 
nor the degree to which electron density from hydrogens 
adjacent to the planes may affect the distortion. 
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PART II 

aiagnetic Susceptibility Effects on 
Removal of Hydrogen txomj Phase 
Palladium Hydride. 






The author wishes to extend his 
deep appreciation to Professor 
T.R.P. Gibb Jr. , without whose 
patient guidance this paper 
would not have been possible. 
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Introduction 
Fox deosdes it has been known that the magnetic sus- 
ceptibility of Pd decreases as hydrogen is absorbed and 
reaches zero at approx. Pd H Q to P4H 7 (8). 



15 



(8) D. P. Smith "Hydrogen in Metals" University of 
Chicago Press, Chicago, Illinois ( 1948) 

It has also been known for many years that at Pd K^.03 
The Pd metal expands as a phase termed*"< that is only 
slightly greater in lattice parameter, and this phase co- 
exists with a second^ phase of parameter approximately 
4.02 A" up to stoichiometrywv Pd fi g whereupon the/ phase 
appears solely. (8) Thus it was necessary to explain why 
the£ phase was diamagnetio and the familiar band theoxy(5) 
was tte most satisfactory at explaining the effect. Accord-' 
ing to this explanation the portion of the density of 
states curve for Pd to the right of the Fermi level shows 
that Pd lacks approximately .55 electron in its d band. 

When H is absorbed the electron from the hydrogen is 
3 

donated to the d band therefore at hydride composition of 
approximately Pd H.^.,- c^ere should be no unpaired electron 

* CO 

spin in the d band and the substance should be diamagnetio 
However Michel and Sallissot (g) removed all of the 

(9) A.Michel and li. Sallls sot : Comet. Rend. 308 434 (1939) 
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hydrogen tie*/ phase palladium hydride with a high voltage 
devise at room teaperatuie and observed no increase in sus*- 
©eptibriUiy. postulated taat volum. effects m 

the lattice, not, filling of a hold in the a band #as respoi*- 
elble for aciease in aagnetle susceptibility. 

... Gibb Jr. (10) aoteu. that if one extrapolate* the 

4* e* «»-•#>' e» e* efe f*. «%««> **• 

?r, *J -9-ni tension ana '<; he Magnetic Sua- 

cop U Ml | lladlua Hydride-*- Tufts Univ. 1966, to he 

publl^ncd 

curve o itia eueeeptihiUty v®. relative voluae 

of the unit «,ii tfe. yaitte ftt mifc purd paai^tta beoa ae. 
aia«sagnetie U surprisingly close to the relative volume of 
khei rtM, lattice. f.E.f , (*** ^ * #A . H0rtlT attested 
to confi u ;u ■ of U&*1 arid Gallieeot and their 

results *ere pa*ti**ly confirmed. Accordingly In this tmev- 
ktgrtten Dr. R.j. r , ayacif , iihed t0 ift ^ BX9 pujpe/ 

*ase hyarifie ana rap off hydrogen to mm atolchiooetry 
»io* ?« H #a r/itbout fo= a .in a £ay <: jj^ „* , 4sh « a io db- 
ierv« if the ssg&etlo susceptibility rained constant. A 
«ro paramagnetic susceptibility at hydrogen contents loser 
aa that of Pd^ 6 would Tafute the band theor/ explanation 
f this offset and rsinfoxfc Michel and fialliasot and 
H. P. CHbb'a speculation g, if it were impossible 
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to prevent formation of tC pimae we at least desired to ob- 
tain a graph of magnet ic susceptibility vs. stoichioaetry 
on de sorption that would show a lower susceptibility than 
tae corresponding stoi ©biometry on absorption, meh would 
infer that the desorption stolohiometry had a greater per- 
centage of diamagnetic/s' phase than the ©or responding ab- 
sorption stoiehiomstry. 

ffaparfoaenftal 

The hydrides were synthesised with the feyiflde synthe- 
sis line illustrated and described in the Figure ft* Tank 
hydrogen was passed thrown a catalytic Beoxo purifier and 
drierlte before entering the system* The vacuum system 
could be evacuated to 10*" 8 mm. In the attempted earlier 

9ynth9«|sa U H^ getter was used to generate the H« b«fc it 
became very sluggish to charge and was finally abandoned. 

the early attempted syntheses employed an approximately 

200 ml reaction tube and a metal boat for holding the pallaf 

dime, 'hen the synthealaed hydridea wer® transferred in 

the Inert atmosphere box to an analysis tube, the lock had 

to be evacuated with the hydride exposed. This procedure 

was found to remove nearly all of the hydrogen from the 

sample due to the hydrides appreciable equilibrium pressure 

in a vacuum at r. t. subsequent analysis of these samples 

showed no H evolved and x-ray powder patterns showed only 
3 
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*<3. phase present. To overcome theae difficulties the reac- 
tion tube shown in the hydride apparatus was designed* It 
contained four protruding capillaries, three for X-ray anal 
ys83 and the fourth, larger la dlamater, for aagnetie sue* 
ceptibility measurement s. The advantage of the apparatus 

Is that magnetic measurements may be made In an H atmos- 

3 

phers and X-ray samples may be sealed off without exposing 
the hydride to the vacuus of an inert atmosphere box. Sus- 
ceptibility measurements were taken with an apparatus des- 
cribed in the literature (11). Sets 99$ .8 micron Fd used. 

(11) . .order, Kev.sei.inetr. JS&, 840-351 (1960). 



The ?d filings were passed thrown a screen alongside a 
magnet to remove any iron filings present. In order to re- 
stove oxides from the surface of the samples, each weighed 

temple was treated *itb a preliminary volume of H 

2 
to form H^O at soom temperature With any oxygen present as 

oxide, the samples were then degassed at 100* to a pressure 
of 10* mm. Every sample so treated formed noticeable 
amount sof H and evolved heat shea first exposed to dried 
hydrogen even though the reaction ebamber was evacuated to 

10" 5 ram. before the first admittance of gas. Thus the pallf^ 
dlum did contain an appreciable oxide film. It *as found 
through trial and error with preliminary samples that Pd 
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absorbs negligible smounte of B at r.t. but that absorption 
is appreciable at 60 to 80* f*. Thus each seized and preview 
ly deevidised Pd sample »as exposed to H 3 lB bai xe ^ ti ^ 

tube fro* i calibrated volum of the vwuw line, The tem- 
perature *&s raised to 100* 5, and the reaction tube aiioend t« 
eeol at about 10* an hour to r.t. The stolehioaetriea were 
Uui&ted ftpto observing prcaaure changes as is described 
in a following section. Osing this procedure it *as possible 
to prepare hydrides of stolehioaietnes very close to the 
limiting ratio, of i-d H at r.t, 

Aa i a fc e r e st i ng ob a arvat ion - f fc| on heat i ng , appreoiabl 

sintering occurs when fd natal is heated above 300* <?. and 
that **a* sintering ceecurs even at S0*t© 1 00*c. during hydrid* 
ing of the Pd saapiee. ftonn behavior is quite surprising conf* 
sideriiig the klgh (over 1500" $ ) melting point of F*d. Due to 
this behavior the hydrides in the special reaction tube were 
in the Jfera of a porous enke attar the reactions. Since the 
antes eouldn*t be broken up manually arithout exposure to air, 
it was vibrated within the tube. A loudspeaker wan used ae 
the vibrator. It aras modified by cementing a p N istle follow 
eyii ader to the moving portion an that the plastic cylinder 
agitated the tube. An audio oscillator and mapXifier provided 
vibration of the proper frequency so that the porous mass 
'Within the tube wa» reduced to powder aft*? about two days 
of vibration, Bach procedure '*&s necessary order for the 
hydride t e be transferabl e late the four eaplllaniee of the 



reaction tfba. 

mother interesting observation ie the intensity of the 

exothermic resist ion when the hydrides are exposed to air* 
Satsr is iBsae&i&tely formed MM eo auca heat is evolved that 
assail particles glotf in the reaction tube. The reaction 
ooula be due either to oxygon r easting direotly *itu the 
hydride, or to aotaXlic Fd catalyzing the reaction oetwea* 0, 
il H- evolved froa. the surface of the aydride. 
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CALIBRATION 01? TtiS STfaTEIt 






The volume of two sections of the vacuum system 






was obtained by expanding a known pressure and cali- 






brated volume, known calibrated bulb v* 088.9 ml. 






The following formula was used: (l?) 




(13) Hayes, H. M.S. Thesis.. Tufts University, 1967 










V- - unknown volume 






P* - Pressure in calibrated flask before 






expansion 






P.C Pressure in calibrated flask + unknown 






volume after expansion 






%~ Volume of calibrated flask 






h^X correction for volume taken up by the 






fig. 






h^ ir r 3 (h-SO)^- .2837 (h-50) 






h being height in cm of the Hg. 






Calibrated volumes. 






Volume 4 + 5 + 7 + 8 + 13 ( see Figure 3 ) 






r 923.7 ml 






Volume of reaction tube L=- 49.4 ml. 
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OftpaLAfioi of ^m\m ^v^nsmsx 

The atolcbiometry of the hydride may tie cofiij?uted 
during the synthesis by observing the decrease la pressure 
ss the kncim volume of hydrogen Is aastitted to the react! or 
ch.3iabe» All treasure readings must of eouxse be Made at 
the sarae temperature (rooo temperature In titliU rune), 

p i ¥ 1* * V 3 & ? 3 "^J. > *2 

?j and V^. pressure and voluwe ia calibrated sy*t«ou 
PgK pressure In system **- Reaction tube after reaction 
v 2"f" %*"' v i r ***** e * feetiw voltuae after reaction 
V_ a known roluiaa reaction tube 
,\ V 3 « volume H 8 abeorbed by $>& at ? 3 pressure 
and 3$& K tss^eratuxe. 

*Hf "' mT*- 

V^a Volurae absorbed at 8,'f.P, 
*l s v 4 ial ■ equivalents H« absorbed 

S 3 = ^pL * equivalents I'd 
Stoichioiaetry= :~d H„ 






J 
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In order to take the hydrogen out of the sample under 
mild enough conditions to allow some survival of the^ phase 
on desorption, the sample »as exposed repeatedly to a cali- 
brated line under vacuum next to the magnetic susceptibility 
apparatus (V of line^ 1718 ml). By reading with a manometer 
the pressure on the line when the evacuated system is ex- 
posed to the reaction tube, we can calculate the volume re- 
leased by the sample and from this the stoichiometry of the 
hydride in the reaction tiibe* After the number of expension^ 
came to a total of at least 1 cm pressure the hydrides were 
placed in the magnetic susceptibility side-arm of the reac- 
tion tube and the susceptibility measured* 

Due to experimental difficulties, accidents, and a time 
limit on thi a thesis there was time for only one run with a 
di a magnetic hydride ^^ple. One early sample showed ap- 
preciable paramagnetism (1*714 X 10 *^*g*$/g ) although the 
stoichiometry came to I'd H. ^nd therefore it was discarded* 
The stopcock popped on another promising sample thus greatly 
delaying compilation of data. 

In the sample that was finally studied 3,3526 g of Pd 
absorbed 171*9 ml of H 2 at S.T.f . corresponding to a stoi- 

chiometry of Pd H, 696 * The sample was subjected to vibration 
to break down the" porous mass* Susceptibility measurements 



\ 



snowed the aubetanee to be diaoagnetie if la predicted in 
all the literature on magnetic effect » of the PdHg systems) 
The results of the data are shown In the forthcoming table, 
Correction le aada in the first reading for the pressure of 
H a initially over the Pd H.696 (29. S al at S.T.P.) The 
pressures obtained upon mansion into the calibrated sye- 
test were quite Mgh at first but after SO espeaaions tne 
pressure of the Hg beosaia negligible. The total calculated 
volwne given 6« *J \te* awM8&* V»&&\ **£*&& opttA wait ^ 
with the know© total volume of S a at S.T.J. lSG0,4iui), 
considering »a Halted accuracy of reading the tyanOaeter. 

The *oat striking part of the data is the result that 
the hydride x«-ai»s diamagnetic at least until atoichio»etry 
Pd Mfr ***« •***«* strongly indicates that under the aild 
conations of evacuation ployed here the diaaagnetia^ 
jjfease is slo* to break cMPP *« i*w*»gn*tl« -ft «* therefora!, 
at st oiehiome trice at least to Pd s>g She oUaisMli^ i^«*4 
exist* solely. Unfortunately sine* WMs sua e*e originally 
mat to he a trial and I did not kM *hat behavior sould 
ha observed, X-ray pictures »ere not taken during Hi sua 
to coafiiffl this. It is hard to explain dlaaasnotis® for 
stoichiometric* <, 6 in any other »ay though since tha^ 
phaee, ***** ia *»*f §W#§1§ distended Pd MM* lo 



Z-XO JCBPTIBILITr VS. STOICajtOWMSa FOR DEOA3SLKJ mL&9& 
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HiTD A CAUB RAT5P liXSTSM, ¥ of Hp ovar MH.696 InltlaUy^gB.g wl at S.TJI, 
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V VoX H, Kmd valontg Total i fl/frd * agio" 6 j* H 



H i limn i i ip»w m i m i ■ 









1 2,02 U.8U X.19xlO"5 l,l?aclO"3 .61 

30iaaii, 2 2.30 W.M»a.2$bao, 5.idaao- 3 .45 

30 win. 3 .60 Xw57 l.UO*10 6.92*30"* .38 

Overnight Ua .37 

10 oil}. lib #37 

10 ntxi* Ue .36 « « 

SO Kin. t; total 1.10 22.7? 2,CtoO" 3 8.96k10* 3 .29 

Oimmight Sa .36 

10 sdn. 5b .36 

10 rain. Se «36 ,, « 

20 aan. S total 1.G8 22.3U X m 99xLQ~* UQ&OO 22 190.5 .3& 

Cvmrnlght 6a .35 

10 sin. 6b .35 

10 rala. 6c .35 » * 

20 Bin. 6 total 1.05 21.7k USbOST 3 1.28$*10- 2 .11 20M .381 

30 Bati. ?a .16 

10 ntn. 7b .16 

10 8dn. 7c .30 

10 toda. 7d .21 

10 sin. 7© .21 

10 ain« It .20 , *, 

80 «*n. 7 total 1.20 25.89 2.31x10^ l # $2Qsao"* ,01 217,2 .Writ 

Orexnight 8a .17 

10 win. 8b .10 

10 nift. 8c .13 

10 rain. 8d .Gfe 

10 rain, Se ,01 . „ 

bO adn. 8 total M 10.8 SxMT* 1.61X10" 2 .001 277.2 .51? 

0**roi#*t 9ft .00 C ,000 321.2 .358 
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unquestionably paramagnetic. Fmping off substantial quan- 
tities of H without hanging the susceptibility confirms 
the work of Miohel and aallissot (9). This observation 
also tends to support lattice distension of Pd as proposed 
by aibb (10) as the season for the drop in susceptibility 
M a 3 is absorbed. It is not conelstent *itb the proposal 
that fining of the approximately .6 bole in the d bend 
causes tbe drop in paramagneti am, because aero this the ease 
pu*pi*S hydrogen off from atoiehlometry .6 on down aould 
remove spin pairing hydrogen electrons f rom tbe band earning 
an appreciable paramagnetic moment in tbe ttm^ <-6 to .3) 
whers the hydride was found to be oiamagnetie. 

The accompanying graph illustrates these observation. 
Piotcriraiy. *he 1**8* increase ^ ^m**** «i*wWbiU*y 
on desorptieu fro. ?d ft*g to Pd ^ iadieatee that in this 
range I MR* defeet* ^haes hae broken down to«e phase. 
4n**-^ two phase syatsm probably exists between PdH^ 39 
, ld ttifi , The relatively slight increases In magnetic 
.asooptillUty in this region indicate that comparative 
^U counts of^ phase are breaking do*n to-C phase. It 
is not known whether the relatively great increase in eus- 
ceptlhiUty followed by smaller inoreases is a result of 
the experimental conditions or due to a fundamental phase 
change in the lattice in this stoichi metric region. All 
sanies *ere treated under the saiae temperature (room) and 
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approximately the same vacuum (^.05 mm). Since long periods 
were oftm required to calibrate the magnetic susceptitiilty 
apparatus, several time a the saas>le was left overnight "between 
evacuations- Such an interval may have allowed more^ phase 
to decompose nfcroK. in the region between Pd H ;39 and Pd 33 ;2 
if the rate of conversion were slow. It is impossible to say 
from one preliminary run why the susceptibility varies as it 
does after^C phase is first formed. Further runs should he 
conducted with variances in temperature and time between 
taking susceptibility measurements to ascertain if these 
factors are significant. 

As the amount of hydrogen in the sample approaches zero 
we would expect more and more defect^ phase to decompose to*C 
until a limiting value of/: to^ exists in the pure metal. 
Such a value probably is temperature and reaction condition 
depended; since Michel and Gallissot (9) claim to have abtaine 
pure Pd with 100^ p phase at -40*0. They used a high voltag* 
discharge to remove the hydrogen at this temperature. It is 
fcno'sn that de sorption at higher temperatures and other drastic 
conditions produces appreciable *=■ phase. If any^ phase 
survived under the conditions of this experiment ±n the de- 
gassed pallac&um we would expect the degassed metal to be 
of lower ^usceptiujlity than the pure Pd metal. Such an 
effect is observed in this experiment as ia seen from the 
graph. i# must remember, however, that small amounts of 
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unevaoutffced BU remaining « in the Pd ! aft* could !<**«* 
ten suscaptiVSUty *> mHa* < f analysis of the fef*«9ft< 

saa^le »ii^«d strongs phase **«*• WW* tares <**ff faint 
lines in the fxoat reflection jcegion that at first were 
thouyit t* be£ ,'ivase. Accurate calculations however gave 
iJE |*§ a' not* ¥.04 therefore the nature of this phase ie 

unknown* 

,#JMI no/ &hase was detected and since the unknown 
Impurity i* evidently present ia very sw&l entity the 
lee susceptibility can probably be attributed to residual 
hydrogen ?»*« eonoluaioa la by no mesas certain however. 
The low hydrogen stoienio*etry Mgioa of the graph Iti so**- 
what indurate due to the low hydrogen pressure* and the 
difficulty of reading them accurately. This inaccuracy in 
no way detracts, however, fro* tbe Ml accurately deterasin , 
*oiobio*etrie« from *« H ;69 to H % .• **• results in thill 
region report the dependence of (!*§£9*M susceptibility on 
the PWd distance and casts doubt on the ttefct end Jam* 

run was »ad*, one must regard these results es tentative. 
Bore runs should be undertaken to ascertain at what stoichl 
otsmtry the susceptibility increases from sero a* hydrogen 1 
4e*oved fro® Pd R» 6 , the effect of varying temperature 
« M between actions, and what effect vsry roU amount 
of hydrogen have on the_auy«gW-*«r ^ - 
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The Magnetic Susceptibility of 
Palladium Hydride 



jir: The linear decrease of the paramagnetic sus- 
leptibility of palladium as it absorbs hydrogen is well 
known. 1 The portion of the density of states curve to 
the right of the Fermi level is usually drawn to indicate 
that palladium lacks about 0.55 electron to fill the 
d level. It has been suggested 2 that hydrogen donates 
its electron to fill this d level so that when the spins are 
paired, the substance should become diamagnetic. 
This latter is observed experimentally but at a composi- 
>n variously reported but close to PdH„.w rather than 
lMHn, 5 5. If the above explanation is correct, it 
Aould be possible to obtain a linear increase in sus- 
fcptibility as hydrogen is removed from PdH~o.es. 
this was attempted 3 by a high-voltage method for 
extracting hydrogen without heating the sample and 
it was claimed that all the hydrogen could be removed 
Lithout any change in the magnetic susceptibility, 
ffThcse results were not confirmed by Lewis, ei al. f * 
using an electrolytic method for removing hydrogen 
lifout were partially eonfimed in this laboratory 6 using 
[the high-voltage method. 

In the present series of experiments diamagnetic and 
slightly paramagnetic samples of palladium hydride 
were prepared from very fine (0.80-m) palladium metal 
powder, by alternately heating and cooling the metal 
in pure hydrogen (obtained by evolution from UH a ), 
at a temperature which never exceeded 200° above 
^hich the powder sinters. These samples evolved hy- 
*ogen at room temperature when the hydrogen pres- 
*e above them fell below 18 mm. The magnetic 
Ksceptibility of samples of palladium hydride was con- 
Snuously compared to that of a standard (Mohr's 
felt), while small measured quantities of hydrogen were 
temoved from the sample, in an apparatus which has 
been described previously. The results are shown in 
Figure 1. Curves 1 and 2 show that it is possible to 
iemove a large fraction of the hydrogen from diamag- 
netic palladium hydride and from palladium hydride 
f hich is slightly paramagnetic owing to an initial lower 





Figure 1. The effect of absorption aud desorption of 
hydrogen on the paramagnetic susceptibility of palladium. 

hydrogen content, without changing the susceptibility 
(x g ). Curves 3 and 4 for the absorption of hydrogen 
by palladium are taken from Smith. 1 It thus appears 
that the band theory explanation is not tenable for the 
desorption of hydrogen from palladium hydride and it 
may be that lattice expansion plays a more important 
role than was formerly thought. Further experimental 
and theoretical work is in progress, 
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